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© An adapter for use in a fixed angle centrifuge 
rotor has, in use, a radially inboard and a radially 
inboard portion. An opening is formed in the radially 
inboard portion of the adapter. The opening is sized 
so that substantially no part of the inboard portion of 
the adapter is exposed during centrifugation to a 
load that exceeds the ability of the material of the 
adapter to support itself. The material of the inboard 
portion of the adapter surrounding the opening has 
sufficient strength to support itself while under cen- 
trifugation. The adapter is fabricated from a light 
transmissive material. A plug that is slidably dis- 
posed and selectably positionable within the opening 
in the inboard segment of the adapter. The inside 
surface of the plug having a sealing material thereon 
that is biased into contact with a tube carried within 
the adapter. 
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Background Of The Invention 

Held of the Invention The present invention 
relates to a cartridge adapter for a centrifuge tube. 

Description of the Prior Art PCT publication 
WO 91/06373 discloses a cartridge adapter for 
supporting a sealed centrifuge tube within a cavity 
of a centrifuge rotor. The cartridge adapter com- 
prises a pair of matable adapter segments, each of 
which has an indentation therein. When the seg- 
ments are joined along mating surfaces the in- 
dentation in each segment cooperate to define a 
recess having a size and shape that closely cor- 
responds (within a certain range of manufacturing 
tolerances) to the size and shape of some portion 
or all of the sealed centrifuge tube. When the 
cartridge adapter is introduced into a rotor cavity 
one of the two segments, termed the inboard seg- 
ment Aj, lies radially closer to the axis of rotation 
VCL The inboard segment Aj has a keying feature 
thereon which identifies it as the segment that is 
introduced into the radially inboard side of the 
cavity C. The other segment, termed the radially 
outboard segment Ao, lies radially outwardly of the 
inboard segment and radially further from the axis 
of rotation VCL. 

Figures 1A and 1B are top sectional views, 
taken in a plane transverse to the longitudinal axis 
of a prior art sealed plastic centrifuge tube T illus- 
trating the inboard and outboard segments Aj, Ao, 
respectively, of a cartridge adapter as they support 
the tube T within a cavity C of a rotor V, illustrated 
as a vertical angle rotor. At rest, as shown in Figure 
1A, the inside surfaces of the respective inboard 
and outboard segments Aj and Ao of the adapter lie 
(within dimensional tolerances) close to or in phys- 
ical contact with the exterior surface of the sealed 
tube about its entire cireumference. It is noted that 
the inside surfaces of the adapter segments lie in 
this disposition with respect to the tube throughout 
the tube's entire axial length. That is, for each 
transverse section along the longitudinal axis of the 
tube, the relationship shown in Figure 1A is main- 
tained. 

With reference to Figure 1B, as the rotor is 
spun about the axis of rotation VCL the tube T is 
exposed both to a radially outwardly directed force 
F c and an internal hydrostatic pressure force F h . 
The force F c is caused by the mass of the tube 
itself under centrifugal load. The force F h is caused 
by the mass of the liquid contents of the tube 
under centrifugal load. In a first portion Pi of the 
tube, viz., a portion of the tube T received in the 
radially inboard segment Aj, the vector sum of the 
forces F c and F h is such that the tube deflects 
radially outwardly to form a depression indicated 
by the character D in Figure 1 B. The outer surface 
of this portion Pi of the tube is spaced from, or 
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defines a clearance with, the adjacent region R of 
the inner surface of the inboard segment Aj. This 
spacing is indicated by the character S in Figure 
1B, while the region R of the inboard segment Aj is 

5 indicated by the dot-dash arc. The radial mag- 
nitude of the spacing S is dependent upon both the 
volume, the compressibility of the liquid within the 
sealed tube, and, in some instances, the fit of the 
tube T into the adapter. 

70 Throughout the remaining portion of the cir- 

cumference of the tube T the vector sum of the 
forces F c and F h is such that the exterior of the 
tube T is forced into intimate contacting relation- 
ship with the inner surface of the inboard and 

75 outboard segments Aj and Ao of the adapter lying 
adjacent thereto. The region of intimate contact is 
indicated by the relatively heavy line of con 

As may be appreciated the depression D 
formed as described has a length dimension mea- 

20 sured along the longitudinal axis of the tube. The 
magnitude of this length dimension is also depen- 
dent upon both the volume and the compressibility 
of the liquid within the tube. If, for example, a tube 
were completely filled with an incompressible liq- 

25 uid, the force of the liquid would balance the centri- 
fugal force and the depression would likely not 
form. Since, in practice, the tube is seldom totally 
filled and liquids are compressible to some extent, 
a depression D is likely to form along some portion 

30 of the length of the radially inward portion of the 
tube T. The depression may be envisioned as a 
dimple in the radially inward portion of the tube. 

Since the material of the tube in the depression 
D is spaced from the inner surface of the region R 

35 of the inboard segment Aj the hydrostatic force of 
the liquid within the tube T is not able to provide 
any support for this region of the inboard segment 
Aj. The hydrostatic force of the liquid within the 
tube T does, however, provide some support to 

40 that region of the inboard segment Aj into which 
the tube T has been forced into intimate contacting 
relationship. As a result, in use, the unsupported 
region R of the inboard segment of the adapter is 
deflected radially outwardly. 

45 The magnitude of the deflection is illustrated in 

Figure 2 by surface contours of constant deflection 
or stress. Although Figure 2 is a vertical perspec- 
tive taken along a vertical central plane through 
one half of the inboard segment Aj it should be 

50 understood that the surface contours shown in Fig- 
ure 2 are symmetric about the vertical central 
plane. The magnitude of the relative deflections of 
the region R of the inboard segment Aj of the 
adapter are indicated by the characters 6i through 

55 5*. Since relatively greater deflections produce rel- 
atively greater stresses in the adapter segment the 
surface contours indicating the relative magnitude 
of the attendant stresses are similar in form to the 

2 
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surface contours of the deflection. The stress con- 
tours are thus shown in Figure 2 and are indicated 
by the characters cn through <h, respectively. The 
character 5i and the character o^ indicate the 
greatest magnitude of deflection or stress, as the 
case may be. Those areas of the inboard segment 
As experiencing higher deflections and higher 
stresses are more likely to fail. 

Accordingly, in view of the foregoing it is be- 
lieved advantageous to provide an adapter in which 
the areas of relatively higher deflections and higher 
stresses are eliminated or substantially reduced. 

It is common practice in molecular biology 
applications to utilize a technique termed "equilib- 
rium centrifugation" to isolate various materials in a 
sample in accordance with their respective density. 
Typically ethidium bromide, a mutagen, is intercal- 
culated in the material of interest. After centrifuga- 
tion, with the tube at rest and upright, the materials 
reorient to form transverse bands at longitudinally 
spaced locations along the axis of the tube. The 
ethidium bromide when exposed to ultraviolet light 
absorbs the ultraviolet light and emits a visible 
fluorescent light which facilitates location of the 
band having the material of interest. 

One prevalent method to withdraw a band hav- 
ing a material of interest is to hold the tube in a 
position so that ultraviolet light can shine thereth- 
rough to locate the band. The tube may be held by 
hand or clamped to a stand. A vent needle is 
inserted into the tube above that band (usually near 
to the top of the tube). The operator must steady- 
the tube (whether or not it is clamped) while a 
syringe is then inserted into the tube. The syringe 
is inserted such that the tip thereof lies imme- 
diately beneath the band of material of interest 
enabling that band to be withdrawn. This process is 
repeated for each band having a material of inter- 
est. 

This technique is perceived to exhibit a variety 
of drawbacks. The operator is exposed to the risk 
of puncture while handling the tube during the 
withdrawal process. Further, as should be readily 
apparent, once the syringe is removed from the 
tube, liquid from the tube leaks through the punc- 
tured opening therein the tube. Typical expedients 
for preventing such leaks include taping the tube 
wall or closing the puncture with the clinician's 
finger until such time as the tube may be depos- 
ited into a pool of inactivating liquid. Since ethidium 
bromide is a known mutagen physical contact with 
it should be minimized. 

Accordingly, in view of the foregoing it is be- 
lieved advantageous to provide an adapter that 
supports the tube during centrifugation and also 
facilitates removal of material without the perceived 
disadvantages of the prior art. 



SUMMARY OF THE INVENTION 

In a first aspect the present invention is di- 
rected to an adapter for use in a fixed angle 

5 centrifuge rotor, the adapter having, while being 
spun, a portion that lies radially inboard and an 
portion that lies outboard with respect to an axis of 
rotation. The adapter has a recess sized to receive 
a centrifuge tube. The tube is exposed, during 

10 centrifugation, to a load that causes a first portion 
of the tube to deflect radially outwardly from a first 
region of the inboard portion of the adapter while a 
second, adjacent, portion of the tube is forced into 
intimate contact with a second region of the in- 

75 board portion of the adapter. In accordance with 
the present invention the improvement in the 
adapter comprises an opening formed in the radi- 
ally inboard portion of the adapter. Preferably, the 
opening is substantially coextensive with the first 

20 region of the inboard portion of the adapter. By 
appropriately sizing the opening substantially no 
part of the inboard portion of the adapter is ex- 
posed during centrifugation to a load that exceeds 
the ability of the material of the adapter to support 

25 itself. Stated alternatively, the material of the in- 
board portion of the adapter surrounding the open- 
ing has sufficient strength to support itself while 
under centrifugation. 

This aspect of the invention may be used with 

30 any form of adapter, whether it is integral or seg- 
mented. In the event the adapter is formed from 
matable inboard and outboard segments A lt Aq, 
respectively, the opening is provided in the inboard 
segment Aj. 

35 In accordance with a second aspect of the 

invention the adapter includes a plug that is slidab- 
ly disposed and selectably positionable within the 
opening in the inboard segment of the adapter. The 
plug has an inside and an outside surface thereon. 

40 The inside surface of the plug has a sealing ma- 
terial thereon. The sealing material is biased into 
contact with a tube carried within the adapter. In 
the preferred embodiment the opening is large 
enough to allow the sample to be exposed to an 

45 ultraviolet light source and to enable the band to be 
visually located. Alternatively or additionally, the 
adapter may be fabricated from a material trans- 
missive to visible light, so that a band exposed to 
ultraviolet light through the opening may be visually 

so located through the adapter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood 
55 from the following detailed description, taken in 
connection with the accompanying drawings, in 
which: 
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Figures 1A and 1B are a top sectional views, 
taken in a plane transverse to the longitudinal 
axis of a sealed centrifuge tube, illustrating the 
inboard and outboard segments of an adapter of 
the prior art when supporting the sealed tube 
within a cavity C of a rotor R while at rest and 
while spinning, respectively; 
Figure 2 is a vertical perspective taken along a 
vertical central plane through the inboard seg- 
ment Aj illustrating the surface contours of de- 
flections and stress therein due to the formation 
of a depressed region in the tube while the tube 
is being spun, with the surface contours being 
symmetric about the central plane; 
Figure 3 is an exploded perspective view of an 
adapter for a centrifuge tube in accordance with 
a first aspect of the present invention, with the 
majority of the Figure being shown in perspec- 
tive while a portion thereof is shown in vertical 
cross section; 

Figures 4A and 4B are, respectively, perspective 
views illustrating the interior and the exterior 
surfaces of the inboard segment of the adapter 
of Figure 3, respectively; and 
Figures 5A, 5B and 5C are, respectively, side 
sectional, front elevational (looking toward the 
inside surface) and top sectional views of an 
adapter in accordance with a second aspect of 
the present invention, with the tube being sug- 
gested in Figure 5A. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Throughout the following detailed description 
similar reference characters refer to similar ele- 
ments in all Figures of the drawings. 

With reference to Figures 3, 4A and 4B, re- 
spectively shown are various perspective views of 
an adapter generally indicated by the reference 
character 10 in accordance with the present inven- 
tion. The adapter 10 is used to adapt tubes T for 
centrifugation in a fixed angle centrifuge rotor V. 
The rotor V has cavities C therein. Each cavity may 
have a notch N therein. 

In the illustrated embodiment the adapter 10 
has an inboard segment 12 and an outboard seg- 
ment 14. The inboard segment 12 may have a 
keying feature 12K thereon which is received in the 
notch N. Both segments 12 and 14 have an in- 
dentation 121, 141 therein. When the adapter seg- 
ments 12, 14 join the indentations 121, 141 coop- 
erate to form a recess 16 (Figure 3) sized to 
receive the centrifuge tube T. The segments 12 
and 14 of the adapter 10 are in the preferred case 
fabricated, as by injection molding, from a material 
such as thirty percent carbon fiber reinforced poly- 
phthalamide such as that sold by RTP Company, 
Winona, Minnesota under product number RTP 
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4085. In those instances when the material of the 
adapter is light transmissive (as discussed herein), 
the adapter 10 may be injection molded from a 
polycarbonate plastic material. 
5 As used in this application the term "fixed 

angle centrifuge rotor" means a rotor of the type 
having cavities formed in the body thereof so that, 
when a tube is received therein the axis A t of each 
tube is inclined at a predetermined angular inclina- 

10 tion with respect to the axis of rotation VCL and 
remains in that inclination throughout the centrifu- 
gation run. In this sense a "fixed angle centrifuge 
rotor" is to be distinguished from a so-called 
"swinging bucket centrifuge rotor" in which the 

75 inclination of the tube with respect to the axis of 
rotation is initially at approximately zero degrees 
and which, under centrifugation, swings to an ori- 
entation in which the axis of the tube is substan- 
tially perpendicular to the axis of rotation. The 

20 angular inclination of the axis A, of the tube may be 
produced by inclining the axis Ac of the cavity C in 
the rotor with respect to the axis of rotation VCL, 
and/or by inclining the axis A r of the recess 16 in 
the adapter 10. Any angular value including zero 

25 degrees (a so-called "vertical rotor") may be used. 

For the reasons discussed earlier, the tube is 
exposed, during centrifugation, to a load that 
causes a first portion of the tube to deflect radially 
outwardly from a first region of the inboard seg- 

30 ment 12 of the adapter (corresponding to the re- 
gion R as discussed above), while a second, adja- 
cent, portion of the tube is forced into intimate 
contact with a second region of the inboard seg- 
ment of the adapter. In an adapter in accordance 

35 with the present invention the inboard segment 12 
has an opening 20 therein. The opening 20 is 
substantially coextensive with the first region first of 
the inboard segment 12. The opening 20 is sized 
so that substantially no portion of the inboard seg- 

40 ment 12 of the adapter is exposed under cen- 
trifugation to a load that exceeds the ability of the 
material of the adapter to support itself. Stated 
alternatively, the opening 20 is sized so that the 
material of the inboard segment 12 of the adapter 

45 surrounding the opening 20 has sufficient strength 
to support itself while under centrifugation. The 
term "sufficient strength to support itself" means 
that the adapter 10 is not likely to fail when used at 
a predetermined maximum operating speed over a 

so predetermined useful lifetime of cyclic operation. It 
should be understood that the term "substantially 
coextensive" as used throughout this application is 
meant to encompass an instance in which either 
more than or less than the entire first region of the 

55 inboard segment of the tube is removed. The intent 
is that by making the opening substantially co- 
extensive with the first region of the inboard seg- 
ment 12, the areas of relatively higher deflections 

4 
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and higher stresses are either eliminated or sub- 
stantially reduced. 

Although the invention has been heretofore de- 
scribed in the context of an adapter formed of 
matable segments as described in PCT publication 
WO 91/06373, the invention may be used with 
equal utility with an adapter that is integrally 
formed and which, in use, has a portion thereof that 
is radially inboard with respect to the axis of rota- 
tion and a portion that lies radially outboard with 
respect to the axis of rotation. The opening is 
provided in the radially inboard portion of such an 
integrally formed adapter. The opening is sized as 
discussed, so that the material of the inboard por- 
tion of the adapter surrounding the opening has 
sufficient strength to support itself while under cen- 
trifugation and so that no portion of the adapter is 
exposed under centrifugation to a load that ex- 
ceeds the ability of the material of the adapter to 
support itself. 

Figures 5A, 5B and 5C are, respectively, side 
sectional, front elevational and top sectional views 
of the inboard segment 12' of an adapter 10' in 
accordance with a second aspect of the present 
invention. The adapter 10' is especially configured 
to facilitate removal of bands of material formed 
during a equilibrium centrifugation separation. The 
adapter 10' may be segmented as shown in Fig- 
ures 3 and 4 or integrally formed. 

The radially inward segment 12' or the portion 
of the adapter 10 f that lies radially inboard when in 
use has an opening 20' therein. The opening 20' is 
adapted to expose a portion of a tube T carried 
within the adapter. To permit withdrawal of a band 
of material of interest from the tube the opening 20' 
must be sized to allow the sample to be exposed 
to an ultraviolet light source and to enable the band 
to be visually located. Additionally, the position of 
the opening 20' should be such that the portion of 
the tube containing the band of material of interest 
and a region therabove (for venting purposes) is 
exposed and accessible. To permit withdrawal of 
any band of material of interest wherever it is 
located within the tube, the size and position of the 
opening 20' should be such as to expose and 
make accessible the maximum possible portion of 
the length of the tube (including the neck portion n 
thereof). 

The size and position of the opening 20' should 
also be governed by the consideration of "sufficient 
strength to support itself" explained earlier. Since 
the sufficient strength consideration competes with 
the considerations of exposure and accessibilty 
discussed immediately above, in practice a suitable 
trade-off among operating speed, window size, and 
window position is required. 

The adapter 10' has guide tracks 22A, 22B 
formed in the material of the adapter surrounding 



the opening 20'. A plug 24 has grooves 26A, 26B. 
The grooves 26A, 26B receive the guide tracks 
22A, 22B whereby the plug 24 is slidably disposed 
along and selectabiy positionabte within the open- 
5 ing 20'. The plug 24 has an inside surface 28I and 
an exterior surface 28E. The inside surface 28I of 
the plug 24 is presented toward the tube within the 
adapter 10'. The surface 28! has a layer of a 
sealing material 30, such as an elastomeric ma- 
10 terial, thereon. 

The plug 24 is sized so that it may be carried 
on the adapter 10' during centrifugation and so that 
the sealing material 30 is biased into contact with 
the tube carried within the adapter. The tracks 22A, 
75 22B are sized to provide support for the plug 
during centrifugation. No portion of the plug should 
extend outwardly beyond the outer diameter of the 
adapter 10 else a suitable opening must be pro- 
vided in the rotor. Alternately, the plug 24 may be 
20 separate from the adapter 10' and inserted 
thereinto at the termination of a centrifugation run. 

The exterior surface 28E has serrations 34 
thereon to facilitate movement. If desired, addi- 
tional plug(s) may be provided in the opening 20'. 
25 The adapter 10' may be fabricated from a 

material (such as that earlier identified) that is 
transmissive to visible light. The material should be 
sufficiently translucent to permit visual location by 
an operator of a band of material of interest that 
30 has been exposed to ultraviolet light through the 
opening 20'. Most preferably, the material should 
be transparent. It is noted that the limitations im- 
posed on the size of the opening 20' necessary to 
permit the band to be exposed to ultraviolet light 
35 may be disregarded if a material that is transmis- 
sive to both ultraviolet and visible light can be 
found to fabricate the adapter. 

In use, after centrifugation, the adapter 10' with 
the tube therein is removed from the rotor. The 
40 adapter 10' may be held by hand or held by a 
clamp as the band of material of interest removed. 
Alternatively, and more preferably, the adapter 10' 
may be inserted into a suitable stand to provide 
access to the opening 20* and to hold securely the 
45 adapter in place. Thus, an operator would not be 
required to steady the adapter 20' during with- 
drawal of a band of material. The potential risk of 
puncture is thus avoided. 

After removal of the syringe from the tube, a 
50 plug 24 is slid along the opening 20' until the 
sealing material 30 on the inside surface 28! there- 
of is positioned over the puncture in the tube. 
Since the sealing material 30 is biased into sealing 
engagement with the tube, liquid leakage through 
55 the puncture is effectively stopped. The magnitude 
of the biasing force need only be sufficient to 
prevent leakage while the tube is at rest. Additional 
withdrawal(s) of material may then be made. 
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Those skilled in the art, having the benefit of 
the teachings of the present invention as herein- 
before set forth, may effect numerous modifications 
thereto. Such modifications are to be construed as 
lying within the contemplation of the present inven- 5 
tion, as defined by the appended claims. 

Claims 

1. In an adapter for use in a fixed angle cen- io 
trifuge rotor, the adapter having, while being 
spun, a portion that lies radially inboard and an 
portion that lies radially outboard with respect 
to an axis of rotation, the adapter having a 
recess sized to receive a centrifuge tube, 75 



the improvement comprising: 

the inboard portion of the adapter having 
an opening therein, the opening being sized so 
that the material of the inboard portion of the 
adapter surrounding the opening has sufficient 
strength to support itself while under centrifu- 
gation. 



tube to deflect radially outwardly from a first 
region of the inboard segment while a second, 
adjacent, portion of the tube is forced into 
intimate contact with a second region of the 
inboard segment, 

the improvement comprising: 

the inboard segment of the adapter having 
an opening therein, the opening being substan- 



tially coextensive with the first region of the 
inboard segment of the adapter. 

4. In an adapter for use in a fixed angle cen- 
trifuge rotor, the adapter having an inboard and 
an outboard segment, the inboard segment 
and the outboard segment each having an 
indentation therein which cooperate to define a 
recess sized to receive a centrifuge tube, 

the improvement comprising: 
the inboard segment of the adapter having 
an opening therein, the opening being sized so 
that the material of the inboard segment of the 
adapter surrounding the opening has sufficient 
strength to support itself while under centrifu- 
gation. 

5. The adapter of claim 4 wherein the material of 
the inboard and outboard segments is a light 

20 transmissive material. 

6. The adapter of claim 3 wherein the material of 
the inboard and outboard segments is a light 
transmissive material. 

The adapter of claim 2 wherein the material of 
the inboard and outboard segments is a light 
transmissive material. 

8. The adapter of claim 4 wherein the improve- 
ment further comprises: 

a plug slidably disposed and selectably 
positionable within the opening in the inboard 
segment. 

9. The adapter of claim 3 wherein the improve- 
ment further comprises: 

a plug slidably disposed and selectably 
positionable within the opening in the inboard 
segment. 

10. The adapter of claim 2 wherein the improve- 
ment further comprises: 

a plug slidably disposed and selectably 
positionable within the opening in the inboard 
segment. 

11. The adapter of claim 4 wherein the plug has 
an inside and an outside surface thereon, the 
inside surface of the plug having a sealing 
material thereon, 

the sealing material being biased into con- 
tact with a tube carried within the adapter. 

55 12. The adapter of claim 3 wherein the plug has 
an inside and an outside surface thereon, the 
inside surface of the plug having a sealing 
material thereon, 



2. In an adapter for use in a fixed angle cen- 
trifuge rotor, the adapter having, while being 25 
spun, a portion that lies radially inboard and an 7. 
portion that lies radially outboard with respect 
to an axis of rotation, the adapter having a 
recess sized to receive a centrifuge tube, 

the tube being exposed, during centrifuga- 30 
tion, to a load that causes a first portion of the 
tube to deflect radially outwardly from a first 
region of the inboard portion of the adapter 
while a second, adjacent, portion of the tube is 
forced into intimate contact with a second re- 35 
gion of the inboard portion of the adapter, 
the improvement comprising: 
the inboard portion of the adapter having 
an opening therein, the opening being substan- 
tially coextensive with the first region of the 40 
inboard portion of the adapter. 

3. In an adapter for use in a fixed angle cen- 
trifuge rotor, the adapter having an inboard and 
an outboard segment, the inboard segment 45 
and the outboard segment each having an 
indentation therein which cooperate to define a 
recess sized to receive a centrifuge tube, 

the tube being exposed, during centrifuga- 
tion, to a load that causes a first portion of the 50 
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the sealing material being biased into con- 
tact with a tube carried within the adapter. 

13. The adapter of claim 2 wherein the plug has 

an inside and an outside surface thereon, the 5 
inside surface of the plug having a sealing 
material thereon, 

the sealing material being biased into con- 
tact with a tube carried within the adapter. 

70 

14. In an adapter for use in a fixed angle cen- 
trifuge rotor, the adapter having while being 
spun a portion that lies radially inboard and an 
portion that lies radially outboard with respect 

to an axis of rotation, the adapter having a 75 
recess sized to receive a centrifuge tube, 
the improvement comprising: 
the inboard portion of the adapter having 
an opening therein, the opening exposing a 
portion of a tube carried within the adapter. 20 

15. In an adapter for use in a fixed angle cen- 
trifuge rotor, the adapter having, while being 
spun, a portion that lies radially inboard and an 
portion that lies radially outboard with respect 25 
to an axis of rotation, the adapter having a 
recess sized to receive a centrifuge tube, 

the improvement comprising: 

the inboard portion of the adapter having 

an opening therein, 30 
a plug slidably disposed and selectably 

positionable within the opening in the inboard 

segment, 

the plug having an inside and an outside 
surface thereon, the inside surface of the plug 35 
having a sealing material thereon, 

the dimension of the plug being such that 
the sealing material is biased into contact with 
a tube received within the adapter. 

40 

16. The adapter of claim 15, wherein the adapter 
has an inboard and an outboard segment, the 
inboard segment of the adapter having the 
opening therein. 

45 

17. The adapter of claim 16, wherein the adapter 
being fabricated from a light transmissive ma- 
terial. 

18. The adapter of claim 15, wherein the adapter 50 
being fabricated from a light transmissive ma- 
terial. 



55 
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FIG.1A 

(PRIOR ART) 
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